Relationship between downregulation of miRNAs and increase of oxidative stress in the development of diabetic cardiac dysfunction: junctin as a target protein of miR-1.
Oxidative stress is involved in the etiology of diabetes-induced cardiac dysfunction while microRNAs (miRNAs) are known as regulators for genes involved in cardiac remodeling. However, a functional link between miRNAs and diabetes-induced cardiac dysfunction remains to be investigated. Here, we aimed to identify whether the expression levels of miRNAs are associated with oxidative stress/diabetic heart and if proteins responsible from contractile activity during diabetes might be directly modulated by miRNAs. Diabetic cardiomyopathy developed with streptozotocin, is characterized with marked changes in sarcomere and mitochondria, depressed left ventricular developed pressure, and a massive oxidative stress that is particularly evident in the heart. miRNA profiling was performed in freshly isolated left ventricular cells from diabetic rats. Using microarray analysis, we identified marked changes in the expression of 43 miRNAs (37 of them were downregulated while 6 miRNAs were upregulated) out of examined total of 351 miRNAs. Among them, 6 miRNAs were further validated by real-time PCR. The expression levels of miR-1, miR-499, miR-133a, and miR-133b were markedly depressed in the diabetic cardiomyocytes while miR-21 level increased and miR-16 level was unchanged. Notably, normalization of cardiac function and oxidant/antioxidant level after N-acetylcysteine (NAC)-treatment of diabetic rats resulted with a significant restoration in the expression levels of miR-499, miR-1, miR-133a, and miR-133b in the myocardium. Since changes in the level of muscle-specific miR-1 has been implicated in cardiac diseases and its specific molecular targets involved in its action, in part, associated with oxidative stress are limited, we first examined the protein levels of some SR-associated proteins such as junctin and triadin. Junctin but not triadin is markedly overexpressed in diabetic cardiomyocytes while its level was normalized in NAC-treated diabetics. Luciferase reporter assay showed that junctin is targetted by miR-1. Taken together, our data demonstrates that intervention with an antioxidant treatment for 4-week leads to significant cardioprotection against diabetes-induced injury, controlling oxidant/antioxidant level, which may directly control the levels of some miRNAs including miR-1 and its target protein junctin, which is involved in the development of diabetic cardiomyopathy.